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Development of a Dynamic Seal 
at 

Beckman Instruments, Inc. - Spinco Division 



Mr. Cliet Arnessen''*', a young graduate of San Jose State College and 
an employee of Beckman Instrumenlis for the past several years, was asked 
to redesign part of the"'*buffer pump'*"of his company^s Model 130 Spectro- 
chrom Analyzer. A few of Beckman's customers had complained that the 
moving seals in this pump developed leaks after very little use; these 
complaints were reaching the company at the rate of one or two a month 
with some repeats. Beckman *s customers were scattered all over the world 
and, since the Spectrochrom Analyzer is not portable, the company had to 
send its Field Service personnel to them to make whatever repairs were 
necessary. 



Beckman Instruments 



Beckman Instruments, Inc, has been manufacturing instruments for 
research and industrial use since 1935. The Spinco Division, located 
in Palo AltOj California, is a principal manufacturer and developer of 
instruments for biochemical and physiological research. Their instruments 
are used primarily for ultracentrifugation, electrophoresis, ion-exchange 
chromatography, microcalorimetry , viscometry, and biomedical measuring 
and monitoring. 

All Beckman Spinco Division instruments are covered by a one year 
warranty which provides for both preventive maintenance and emergency 
service. The company's Field Service engineers are responsible for these 
operations. They instruct custodiers on the use of Beckman instruments, 
keep records of all repairs made on them, and make recommendations to the 
home office on improvements that they feel should be made. 



^ Fictitious Name 



(c) 1967 by the Board of .Trustees of the Leland Stanford Junior University. 

Prepared in the Design Division of the Department of Mechanical Engineering 
by William J. Clemens and David Horine under the direction of Professor 
H, 0. Fuchs with financial support from the National Science Foundation. 
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The Spectrochrom Analy2er 

The Model 130 Spectrochrom Analyzer, described in Exhibit 1, is 
primarily a research instrument employed in the analysis of certain 
biochemical materials One of the principal components of this Instrument 
is a gradient buffer pump (Exhibit 2a) which mixes two buffer solutions 
and pumps the resultant mixture to the chromatograph column. The pump 
itself consists of three cam-driven plungers operating in cylinders where 
the buffer solutions, usually organic solvents such as acetic acid, 
ammonium acetate, and pyridene acetate, are mixed and pumped. The 
proportion of the two solvents in the mixture is regulated by an 
interchangeable program cam. 

Soon after the first models of the Spectrochrom Analyzer were 
marketed, Beckman Instruments began to receive complaints that the 
plungers in the buffer pumps were leaking „ The first few were repaired 
routinely in the field. As a pattern of failure became evident, the 
decision was made to review and redesign the moving seals associated 
with these plungers. It was at this time that Chet was assigned the 
problem, 

Design Analysis 

Chet began his work by systematically reviewing the design history 
of the buffer pump. What follows is a brief summary of his findings. 

The plunger and cylinder used on the first breadboard design had 
been a glass hypodermic syringe (shown in Exhibit 3, along with the 
first stainless steel plunger) with an inside diameter of 0,351 inches. 
As the buffer solution evaporated, crystals deposited on the ground 
glass cylinder wall and the piston iammedo 

Successive models were tested (see Exhibits 4 and 5) using a 
variety of piston and cylinder materials with o-ring seals- The 
most effective proved to be a smooth bore (honed to 4-6 min. finish) 
stainless cylinder with a stainless steel piston equipped with a 
Rulon-^ tip and a buna "N" o-ring. After evaluation by the Beckman 
Applications Research Section, this design was released for production. 

Redesign 

After he had acquainted himself with the design history of the 
pump, Chet examined the production model and talked with Field Service 
Department personnel in an attempt to determine the causes of failure ^ 
Most of the people he consulted felt that the problem lay in the type 
of 5eal chosen for the plunger. They found that the rubber o-ring 
was badly abraded on all of the pumps they had checked. There were 
several opinions expressed about the cause of this condition, but Chet 
thought that two modes of failure seemed most likely:^ 1) some of the 
organic solvents might be causing the o-rings to deteriorate; and 2) 
a thin film of fluid remaining on the cylinder wall might dry and leave 
an abrasive surface to wear down the o-rings. 



"Rulon" is a trade name for a filled Teflon material that has higher 
wear resistance and less creep than pure Teflon 
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Chet discovered that, there was very little information available on 
small seals which could be directly applied to his project. Furthermore, 
he was unable to locate any seals of exactly the size he needed. "When I 
found there were no standard sized seals I could use/' he explained, "1 
thought of changing the cylinder and plunger to a s'^andard size, but that 
would have meant changing the stroke of the pumps in production and those 
already in the field.. This would have been expensive, so we decided to 
retain the exisring diameters on our cedesign.." While he was looking through 
one of thtf manufacturers' catalogues, he found that some data on o-ring 
performance and mounting recommendations were obtained by mathematically 
scaling the empirically derived data from one size of o-ring to fir a 
number of smaller ring sizes From another manufacturer he learned that 
industrial recommendations for o-rings are usually acceptable for static 
seals, but they are not always applicable to dynamic sealing problems. 

Chet designed a new cylinder and two plunger seals that did not 
require o-rings^ He replaced the stainless steel cylinder with one of 
glass; unlike the original breadboard component, however, this cylinder 
had a precision bore (4-6 min. finish) inner surface 

The first of Chec's two plunger designs is shown in Exhibit 6 It 
consists of a Teflon tip attached to a "Kel-F''2 plastic shank. Three 
*'wiper rings" were machined into the Teflon tip to act as seals and guides. 
By providing an interference fit between the wipet rings and the glass 
cylinder, he hoped to minimize leakage past the inert Teflon, After three 
days of continuous testing, using water as the test solution, the wipers 
began to leak. Chet measured the outside diameters of the wipers and 
found that they had shrunk.. This was apparently due to cold flowing of 
the Teflon. 

Chet's second plunger seal redesign is shown in Exhibit 7. He had a 
"lip seal" machined into a Teflon tip which had an interference fit with 
the glass cylinder wall. This seal was intended to expand outward against 
the cylinder wall when pressure was applied to the chamber fluid. This 
design, however, began to leak soon after it was installed in the pump. 
Chet believed that this was due to cold flowing of the Teflon which had 
caused the lip seal to pull away -^rom the chamber walls at low pressures, 

Chet next tried o-rings made of Teflon. Since these rings could not 
be stretched into mounting grooves as could conventional rubber o- rings, 
they could not be tested on the existing steel plunger, Chet devised a 
test plunger (Exhibit 8) which would accommodate several types of Teflon 
rings. The Kel-F plastic tip of the plunger was threaded so that it could 
be screwed down against the o-rings to hold them on the plunger. A spiral 
Teflon wiper ring was mounted around the middle of the plunger to act as 
an additional guide and seal, Chet chose the spiral Teflon ring because 
1) the Teflon would not swell upon contact with a buffer (as does rubber); 
and 2) a spiral ring could be installed on the shank of the plunger without 
the necessity of fabricating it to screw apart to accommodate an ordinary 
o- ring , 



"Kel-F" is a trademark for a relatively inert plastic- 
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Chet tested three types of rings: a Teflon coated rubber ring, a 
slotted Teflon ring with a spring insert to provide a sealing force 
(Exhibits 7b and 7c), and a plain slotted Teflon ring. The Teflon coated 
rubber o-ring began to swe^ll after two days of continuous operation. After 
disassembling the plungeir, Chet found that the Teflon coating had worn off, 
thus exposing the base rubber to the buffer solution. The plain slotted 
o-ring began to cold flow and leaked soon after it was installed. The 
slotted ring with a spring insert leaked due to insufficient spring strength 
to affect sealing. 

The seal Chet finally decided upon is the Sealpruf-' Kap Seal shown 
in Exhibit 9. It makes use of a Teflon cap for the sealing surface and 
an inner synthetic rubber o-ring that forces the Teflon cap against the 
cylinder wall. Instead of allowing a clearance between the plunger groove 
and the seal as the manufacturer recommended for normal sealing problems 
(Exhibit 9), Chet screwed the plunger cap against the ring as shown in 
Exhibit 10a. In this design, the Teflon is contained by the mounting slot 
and thereby prevented from cold flowing. 

Chet life- tested the Kap Seal for a month before turning it over to 
production. The final design, shown in Exhibit 10, was subsequently passed 
by the Applications Research Section and put into final production. After 
almost* one year in service, no serious flaws in the pump have been reported. 



Fictitious name. 
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Model 130 Spectrochrom® Analyzer 

The Spectrochrom Analyzer offers a complete facility for 
column chromatography in one instrument . . . providing 
automated analyses of proteins, peptides, nucleic acids and 
their derivatives, and other biochemical materials. In a sin- 
gle run, with little or no operator supervision, it prints out 
data that formerly required many time-consuming consecu- 
tive runs, and much supervision. Thus the Spectrochrom 
can simplify chromatographic research programs, and ex- 
tend and amplify them as well. 

With its inter-related combination of components, the 
Spectrochrom enables the operator to vary selectively the 
common parameters of a chromatographic analysis until 
ideal conditions are established. These can then be repro- 
duced faithfully in following runs. 

The sample can be studied at wavelengths that best suit its 
absorption pattern — e.g., nucleic acid derivatives at 250, 
260 and 280 m/x. pH and conductivity gradients can be both 
programmed and monitored, with readings printed out on 
the recorder chart for correlation with absorption peaks. The 
recorder chart is keyed by an event marker to the collected 
fractions, which are held under refrigeration ready for fur-* 
ther analysis. 
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Jacketed analytical or preparative columns can be mounted 
on the Model 130, and cooled or heated from 4'' to 75°C. 
Quick-disconnect fittings permit fast column interchange. 
Buffer gradients are supplied by Beckman-designed buffer 
pump, with gradient programmed by the operator as desired. 
Effluent pH and conductivity monitors provide a printed 
record of these measurements — facilitating the choice of 
operating conditions. 

Dual-beam spectrophotometer automatically scans column 
effluent at choice of three wavelengths from 220 to 750 m;A; 
two cuvette path lengths provide excellent sensitivity for a 
wide range of sample concentrations. 
10-Channel recorder provides six color-coded curves of 
efHuent absorbance; two other channels are for pH and con- 
ductivity monitoring, leaving two for auxiliary uses. 
Refrigerated fraction collector contained in the Spectro- 
chrom Analyzer is the Model 132 Collector described on the 
following page. It is held in a refrigerated drawer that keeps 
the collected fractions cold. 

Controls permit the programming of a change of column 
temperature, change of buffer, and instrument shut-down. 
Panel connections and a valving system allow column efflu- 
ent to be diverted through an auxiliary instrument and back 
to the Model 130's analytical system. 

318003 Model 130 Spectrochrom Analyzer, 68" x 30" x 76'' 
high, with gradient pump, spectrophotometer, pH and con- 
ductivity meters, flowmeter, fraction collector, and controls. 

Exhibit 1. 
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Exhibit 2b. Buffer Pump Flow Diagram 
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Exhibit 3, Hypodermic syringe, 
showing glass cylinder, glass 
plunger, and first stainless 
steel plunger. 



Exhibit 4. First production 
model stainless steel cylinder 
and plunger. Hexagon fitting 
was added to make cleaning easier. 
A "Rulon" insert was added as 
shown in Exhibit 5 to provide 
a second contact surface for 
the plunger to ride on. 
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WASHER w 



SHAFT 

(PROGRAM CYLINDER) 



WASHER. 
WING NUT 




INSERT ROO OR SCREWDRIVER 

WHEN UNSCREWING HEXAGON FITTING 

(KJLL out plunger FIRST) 



INSERT ROD OR SCREWDRIVER 
WHEN UNSCREWING PLUNGER FORK 



SNAPRING 
BLEED VALVE 



CYLINDER INLET /OUTLET 



PLUNGER FORK 



LOCK SPRING 



O-RING (AN 6227-6) 
(SEATED IN MANIFOLD) 

MANIFOLD PLATE 

O-RING (AN 6227-4 ) 

HEXAGON FITTING 

O-RING (AN 6227-4) 



CYLINDER 



RUUON INSERT 
(DO NOT REMOVE!) 



O-RING (AN 6227-4) 
SECTION OF RULON 
ROLL PIN 




SHAFT 



Exhibit 5. Exploded view drawing of cylinder and 
plunger shown in Exhibit 4. 
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Exhibit 6. ''Wiper ring" 
plunger seal design. Rings 
are machined on the Teflon 
tip as shown on the sketch 
below. 




Exhibit 7. So-called "lip 
seal" plunger seal design. 
A cross-section of the Teflon 
tip is shown below. 
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Exhibit 8a. Assembled test 
plunger. Note the spiral wiper 
ring installed below the plunger 
tip. Some of the sealing rings 
tested are, from left to right, 
top to bottom, a slotted Teflon 
ring with a spring insert, a 
pure Teflon o-ring, and a Teflon 
coated rubber o-ring. 



Exhibit 8b. Disassembled test 
plunger. Screw-on tip was neces- 
sary because Teflon rings would 
not stretch over the plunger for 
mounting in a conventional groove. 



Exhibit 8. Test plunger; identical in form to 
final plunger design. 
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Cap Seal Assembly 



Spiral Wiper Ring 



Tapered Edge for 
Seal Entrance 



Stud for Attaching 
Cylinder Assembly 
to Plunger Fork 
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Hexagon fitting 

Metal Sleeve of 
Cylinder 



Joint of Metal 
Sleeve to Glass 
Cylinder 



Plunger Tip 



Cylinder 
(Borosilicate 
Precision Bore) 



Plunger 
(Delrln) 



Exhibit 10a. Final 
plunger-cylinder design. 
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Exhibit 10b. Final plunger and 
cylinder assembly. 



Exhibit 10c. Disassembled 
plunger -cylinder unit. Seal 
used here is the Sealpruf 
Kap Seal. 



